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Delaware Bay Bridge Tunnel Supporter 
Attn: To whom it may concern 
Re: Delaware Bay Bridge Tunnel 
Ladies and Gentlemen: 
Millennium 6 is pleased to submit our final report for the Delaware Bay Bridge Tunnel. 
The chosen crossing location of Kitts Hummock Delaware to Fortesque New Jersey 
would relieve east coast traffic congestion, provide a more direct route from Washington 
DC to Atlantic City and NJ shore points, and spur economic growth in South New Jersey 
and the Delmarva Peninsula. We have provided all of our research proving the need for 
this project. This report includes the final designs of the pile foundation, trestle bridge, 
sunken-tube tunnel and the two manmade islands. We have included our design criteria, 
calculations and drawings for the final design. Millennium 6 has put together a project 
schedule that outlines the proposed 6 year Delaware Bay crossing project. We have also 
included our project take-off and budget for this mega-project. We will close with our 
cost benefit analysis for this project. Overall, our 9 months of research has shown the 
Delaware Bay Bridge Tunnel crossing project is feasible and further investigation is 
recommended. 
We appreciate the opportunity to submit this progress report and again look forward to 
working with you in the future. 
Very Truly Yours, 
Richard A. Spinosi 
Project Manager, Millennium 6 
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Abstract 
The Delaware Bay Bridge-Tunnel, DBBT, is a proposed 13-mile crossing of the 
Delaware Bay from Fortescue, NJ to Kitts Hummock, DE. The crossing will provide an 
alternate route and bypass for Interstate 95 along the Northeast Corridor from New York 
to Washington DC, where the majority of the traffic congestion occurs. The crossing will 
also provide a more direct east-west route from Washington DC to Atlantic City and 
other New Jersey shore points. 
The DBBT is a combination of 17 miles of trestle bridge, which includes five miles 
inland to the proposed expansion of Rt. 55 in New Jersey and one mile of immersed tube 
tunnel under the Delaware Bay shipping channel. To provide the best operational 
conditions for motorists now and in the future, a four-lane highway is projected. A 30-
year-old structure, the Chesapeake Bay Bridge-Tunnel, provides the model for the trestle 
bridge and tube tunnel system. Its trestle system is being expanded currently. 
Innovations focus on the use of low maintenance materials, improved tunnel ventilation 
and safety, and both marine and coastal wetland environmental protection. 
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Problem Statement 
The 1-95 Northeast corridor stretches from Maine to Virginia and contains over 30,000 
miles of interstate and primary highways, 13 major airports, more than two-dozen rail 
stations and 11 major seaports. Nearly 25% of the U.S. population work, travel, and 
commute in only 6.2% of its landmass making this region one of the most congested in 
the U.S. The problem that we will address is evident to motorists who travel Interstate 95 
along the segment from the New York City to the Washington D.C. metropolitan areas. 
This region contains the majority of the congestion along the corridor and a significant 
increase in traffic is projected in the coming years. Whether the congestion is due to 
construction delays, bottlenecks, traffic accidents, or rush hour, it costs travelers time and 
aggravation on a regular basis. 
Millennium 6 has identified two major problems in the 1-95 Northeast corridor. The first 
being a need for an alternate route and/or bypass for 1-95 along the segment from New 
York to Washington D.C. For motorists traveling south from N.Y. or north from D.C, 
the most direct and widely used route is 1-95 which runs parallel to all the major cities in 
this region. These cities from north to south are as follows; Trenton NJ, Philadelphia PA, 
Wilmington DE, and Baltimore MD. Motorists have few alternatives to bypass these 
metropolitan areas. The New Jersey Turnpike will bypass Philadelphia but the traffic 
isn't much better and it ends at the Delaware Memorial Bridge where most motorists 
continue traveling south by using 1-95. The Garden State Parkway, which is used 
primarily in the summer months due to the Jersey shore traffic, would provide an 
excellent bypass if it didn't end once it reaches the southern tip of Cape May. The Cape 
May - Lewes Ferry is the only mode of vehicular transportation across the mouth of the 
Delaware Bay but is used primarily for small traffic volumes and recreational purposes. 
It is not feasible for large volumes consisting of vehicles, trucks, and buses. Therefore, 
traffic is forced to contend with 1-95 congestion simply because there is no other feasible 
alternative. 
The second problem discovered was the need for a more direct east-west route from 
Washington D.C. to Atlantic City and the New Jersey shore points. For motorists 
traveling from the south or the west of D.C. and their destination is Atlantic City and the 
Jersey shore points, the most direct and widely used route is north on 1-95, across the 
Delaware Memorial Bridge, north on the New Jersey Turnpike or 1-295, and south along 
the Atlantic City Expressway. The Atlantic City Expressway is similar to the Garden 
State Parkway in the respect that the majority of the usage occurs in the summer months. 
It can be seen on a map of this area that the traffic is forced northeast then southeast 
around both the Chesapeake and Delaware Bays. The Chesapeake Bay Bridge is used as 
an alternate route to bypass 1-95 but traffic is still forced north around the Delaware Bay. 
Again, motorists simply do not have any other alternative. 
Millennium 6 has researched the traffic volumes along the entire 1-95 corridor to 
determine the feasibility to alleviate these two major problems. The following section 
will enforce the need for an alternate route to filter motorists away from 1-95 and 
significantly reduce congestion along the segment from N. Y. to D.C. 
3. 
Possible Crossing Locations 
In Choosing a location for the crossing there were many considerations. We chose the 
three most logical spots where we could cross, and researched them. The possible 
crossing locations are located on a map, which follows this section. There are also maps 
of the chosen landing sites for the crossing. 
Cape May, New Jersey To Lewes, Delaware 
This is the Eastern most point for the crossing right at the Atlantic Ocean. This point was 
considered first because of its accessibility to the Garden State Parkway, and because it 
seemed like the most feasible location because of its short distance. The distance from 
Cape May, NJ to Lewes, DE was roughly 12 miles. This is the shortest distance across 
the bay until you reach a point North of Dover, DE. Although after further investigation, 
this seemed to be the only real positive aspect of this location. 
Several problems with this location are that it would run right through the heart of two 
very popular vacation spots. Along with the Protected wetlands in NJ, and the Lewes and 
Rehoboth Canal in DE, finding a landing location would be a very difficult fight with 
property owners and townships. After examining the other two locations, with the high 
real estate value, Historic landmarks, and wetlands combined, this location seemed like 
the toughest location. Another problem with this location is the lack of a major road, 
which services directly to Lewes, DE. This location would require the most road 
modification to make our crossing work to its designed capacity. 
One of the reasons for this project is to create a bypass for Interstate 95, and to connect 
Washington DC. and Baltimore, MD with New Jersey shore points. At this particular 
location, the mileage from Baltimore to Atlantic City was roughly 20 miles longer than 
the existing route up Interstate 95. This Location would have decreased the Washington 
DC trip to Atlantic City by roughly 20 miles. With the other two locations, we can 
decrease the mileage of this trip even more. 
Now, the final and most important deterrent of this location is the channel depth. This 
channel reaches a depth of 149' at its deepest point. With our proposed trestle and tunnel 
design, we would have much deeper piles or caissons than would be needed at the other 
two locations. We would also have to support the tunnel in the center, as opposed to 
burying it at the other two locations. We could not bury the tunnel at this location 
because the pitch would be too great for vehicles to drive on. 
Thompson's Beach, New Jersey to Big Stone Beach Delaware 
This location was initially very attractive to our group for several reasons. This location 
for the crossing would cut 30 miles off a trip from Washington, DC to Atlantic City, N.J. 
(These two destinations will be used as a point of reference throughout). Assuming no 
congestion on 1-95 and 1-295, the time saved would be roughly 35 minutes. This crossing 
point is appealing in that it is not too far south or north along the bay so as not to defeat 
the purpose of the proposed crossing. It would be almost a straight run from DC to AC 
with this proposed route. 
This crossing location of the Delaware Bay has depths that range from 4' along the edge 
of both sides to 41 ' at the centerline of the shipping lane. This point lends itself to ease 
of construction for the proposed project. 
As we stated, the location was initially attractive. But, greater problems exist with this 
crossing location and it was decided that this location was not feasible for the following 
reasons. 
First, the water span of the crossing location is roughly 20 miles, with a total span of 25 
miles to tie into local state routes on both sides. This alone would justify abandoning the 
proposed location, because cost and feasibility of construction would be greater than the 
other proposed locations. 
Second, Thompson's beach on the New Jersey side is protected marshlands, which again 
would make construction a burden. An overland bridge highway or trestle bridge would 
need to be constructed along with the already needed general upgrades to local roads and 
highways. Sensitive biological and environmental issues and concerns are present and 
would need to be addressed during construction. 
Third, a fishing ship lane from the Maurice River on New Jersey would have to remain 
open. The proposed crossing would block the existing access for small and large craft 
entering and exiting the bay from the river. 
Finally, although there exist plenty of land on both sides of the proposed crossing that 
could be purchased, these lands are protected wildlife reserves on both sides. The project 
would be required to replenish any wildlife and wetlands lands taken. 
Kits Hummock, DE to Fortescue, NJ 
Kits Hummock to Fortescue is the northern most crossing of the three alternatives 
studied. It will provide a corridor from Route 1 in Delaware to Route 47 and Route 55 in 
New Jersey. The major advantage of this corridor is that it will bypass 1-95 for traffic en 
route to Atlantic City, Washington D.C., and New York City. It will enable traffic to 
bypass the 1-95 congestion at both Baltimore and Philadelphia and their surrounding 
areas. This alignment also enables an easy access route for Dover AFB personnel to 
Atlantic City without going upstate to cross at the Delaware Memorial Bridge. It will 
provide access for truckers, businesspersons, tourists, vacationers, and fishing 
enthusiasts. 
The distance from coast to coast is approximately 16 miles in length with a very shallow 
water depth. The water depth does not exceed 23ft for the trestle section and 40 ft for the 
tunnel section 
There are a few deterrents that need to be addressed. There is a reasonably large 
community at Kits Hummock that may be affected due to the roadway construction and 
tie-ins to Route 1. In order to tie into Route 47 and Route 55 the corridor must avoid 
many wetlands areas and a state park on Egg Island Peninsula. There may be live mines 
buried in the sediment from the coast of Kits Hummock to Little Creek, which were left 
over from WWII. After reviewing all of this data, we feel that this is the most feasible 
location for the corridor crossing the Delaware Bay. 
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Subsurface Profile Summary 
The subsurface of the seabed is important when deciding the method of construction for 
the proposed tunnel and trestle systems. The soil profile shown in the Appendix, drawing 
SK-1, was constructed from information obtained by The Army Corps of Engineers, The 
Delaware Geological Survey and The New Jersey Geological Survey. The depth to the 
seabed was taken from a Soundings map. This is shown across the thirteen-mile span of 
the proposed alignment with one half-mile stations. The depths to the sea bed correspond 
with the elevations described by the drillers in their boring logs. There were three borings 
used for this profile. The depth of the borings were approximately 90 feet below the sea 
floor and only soil was encountered. The first was located North of Kitts Hummock 
approximately a half mile into the bay. The Second was in the Shipping channel a few 
hundred yards South of the alignment. The third and final boring was conducted along 
the Coast of Egg Island. The remaining points were interpolated and by using the 
topography of the sea floor as a guide. This profile shows the various layers of soil 
beneath the Delaware Bay. The first layer shown is sediment, which is mostly muck, peat 
and silt, deposited from the river. The layers following shift between sand and clay. The 
depth to bedrock is not shown on this profile and will need to be determined. It is 
believed that this depth is below 1000 feet. 
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Environmenta l A g e n d a 
Environmental Impact Study 
It is unquestionable that a project of such magnitude will have a huge impact on the 
environment. Therefore, it is necessary to perform a full-blown environmental impact 
study. This will first consist of notifying the proper controlling agencies, such as the 
Environmental Protection Agency (EPA), the Department of Environmental Protection 
(DEP), the United States Coast Guard (USCG), the United States Army Corp of 
Engineers, the Delaware River Basin Commission (DRBC), the United States and State 
Fish and Wildlife Services, and the New Jersey and Delaware Departments of 
Transportation (DOT's). After sufficient information is gathered from each of these 
agencies and the proper studies of the project site and affected areas are performed, these 
agencies will provide necessary guidelines and steps to be taken to permit construction. 
These requirements set forth can be common to any project overseen by the agency, or 
specifically related to the DBBT project site and its surroundings. 
Due to the tremendous impact this project will have on the environment, we believe that 
concerns may very well be heard from interested parties and organizations ranging from 
Maine to Florida. Taking this into account, along with the disciplines of my colleagues, 
and myself, we believe that it is fitting to hire an environmental consultant to perform the 
environmental impact study and assist in dealing with the controlling agencies and other 
interested parties and organizations. In the event that our firm had an environmental 
department, this department would perform the above mentioned tasks adequately, 
therefore an environmental consultant would need not be hired to assist. In addition, 
although we would expect there to be opposition to this project from numerous 
organizations, in the case that the DBBT would actually be built, we would expect to 
have the cooperation of the state and federal governments and the Federal Highway 
Administration (FHWA). We believe that without the support of each of these 
organizations, such a huge project can and would be put to a halt by any one of them, 
either through political or economic strongholds. Hence, we believe that many of the 
political and social-economic obstacles that would inevitably arise would likely be 
handled politically through the one of these governmental agencies leaving Millennium 6 
Engineers to their appropriate designated tasks, the overall design of the structure. 
Required Permits 
We have found that for such a project we would need to acquire local zoning approval, 
and satisfy the requirements of the Coastal Zone Act, Sub-aqueous Lands Act, and the 
Beach Protection Act for State land use. For EPA approval we must satisfy Chapters 
"C", "D", and "H", which involve Air, Water, and Ocean Dumping Programs, 
respectively. 
In addition, three important New Jersey DEP laws that deal specifically with coastal 
construction projects were located. These laws are the Waterfront Development Law 
(NJSA 12:5-3), the Coastal Area Facility Review Act (NJSA 13:19), and the Wetlands 
Actofl970(NJSA13:9A). 
One such common checklist that is provided via the New Jersey DEP web site is included 
at the end of this section. This checklist itemizes the steps necessary to begin fulfillment 
of their respective requirements. 
D E P Involvement 
We have found that the New Jersey Division of Fish, Game, and Wildlife of the DEP 
consists of several offices and bureaus that will deal with specific tasks concerning the 
environment and project related concerns. The following is an abbreviated list of several 
of these bureaus that would play a key role in permitting the DBBT to be constructed: 
Bureau of Land Management- involved in the preservation of open space through 
the Land Acquisition Program. 
Office of Environmental Review- surveys potential development locations and 
has a significant impact on the way major federal/state projects are planned. 
Some of its goals include: 
• Prevention of building in areas providing critical habitat for endangered 
and other species. 
• Devising ways to assist impacted wildlife populations. 
• Performing reviews to provide data on known fish, wildlife and 
endangered species at or near a project proposal. 
• Providing recommendations on avoiding/minimizing project impacts. 
• Providing coordination to uphold and enhance the coastal environment 
such as salt marsh land due to tide and project impacts. 
Office of Administration- receives substantial funding from the Federal Aid in 
Sport Fish and Wildlife Restoration Programs. 
Bureau of Wildlife Management- balances use of the land with wildlife needs. 
Bureau of Marine Fisheries- protects habitat through reviews and comments on 
various developmental proposals that may impact the marine and fishery 
resources. 
Bureau of Shellfisheries- reviews coastal development projects to assess potential 
impacts on shellfishery habitat and resources. 
Endangered and Non-game Species Program- manages and protects all forms of 
non-hunted wildlife. It is also important to note that this program also developed 
maps in 1997 delineating critical areas for the Delaware Bay. 
NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION 
WATERFRONT DEVELOPMENT/COASTAL WETLANDS 
PERMIT APPLICATION 
CHECKLIST FOR ADMINISTRATIVE COMPLETENESS 
(12/95) 
(5/99) 
These are the submission requirements for an administratively complete application package for Waterfront 
Development and Coastal Wetland projects. Please read each section and check each area after you have 
fully completed the information for each applicable requirement. 
a 1 Completed T.TJRP application form, 
a 2. Permit review fee (see attached fee schedule) Payable to: Treasurer, State of New Jersey. 
Environmental Services fund. 
a 3. Photographs showing the specific location of the proposed development taken from a minimum of four 
different locations and labeled as to orientation. Submit originals mounted with description and location 
of each view. 
a 4. White certified mailing receipts or other written receipt as evidence that a complete copy of the 
application package has been submitted to the following agencies: 
a) Municipal Planning Roard 
b) Municipal Clerk 
c) Municipal Construction Official 
d) Municipal Environmental Commission (if one exists) 
a 5, White certified mailing receipts or other written receipt as evidence that a copy of (1) the completed 
LURP application form, (2) site plan (this plan may be on an 8.5 by 11 inch sheet of paper provided it 
generally depicts the proposed development and the site location), and (3) the notice below have been 
forwarded to the following parties: 
a) County Planning Roard 
b) County Environmental Commission (if one exists) 
c) U.S. Army Corps of Engineers 
d) Owners of property within 200 feet of the property to be developed (see NOTE below). For 
linear developments one-half mile or more in length, existing industrial facilities of at least 100 
acres, parks of at least 50 acres, refer to ATTACHMENT "A" for notice requirements. For 
linear developments less than one-half mile in length if the 200 foot area falls within the right-of-
way, the applicant must notify those landowners within 200 feet of the outer edges of the right-
of-way. 
NOTE: Applications for developments of 150 residential dwelling units, 300 or more parking 
spaces or equivalent parking areas, new roads, solid waste facilities, new wastewater 
treatment plants, airports, manufacturing or industrial processing facilities, power 
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production plans, and mining activities require a public hearing, Notice IS NOT 
REQUIRED at the time of application for these developments, but at the time of the 
public hearing. The applicant will be notified of the notice requirements upon scheduling 
the public hearing. 
"This letter is to provide you with legal notification that an application will he submitted 
to the New Jersey Department of Environmental Protection, Land Use Regulation 
Program for a Permit for (DESCRIBE THE PROPOSED DEVELOPMENT). 
The complete permit application package can he reviewed at either the municipal clerk's 
office or by appointment at the DEP 's Trenton office. The Department of Environmental 
Protection welcomes comments and any information that you may provide concerning the 
proposed development and site. Please submit your written comments within 15 days of 
receiving this letter to: 
New Jersey Department of Environmental Protection 
Land Use Regulation Program 
P.O. Box 439 
Trenton, New Jersey 08625-0439 
Attn: (County in which the property is located) Section Chief 
□ 6. Certified list of all owners of property within 200 feet of the property to be developed. 
a 7, A copy of the public notice that was mailed to those parties listed at item 5 above, 
Q 8. Applications for sites within the Pinelands Preservation Area or Protection Area must submit either a 
Certificate for Filings Notice of Filing, or a Certificate of Compliance from the Pinelands Commission 
along with the application. Applicants may contact the Pinelands Commission at (609) 894-7300 for 
further information. 
NOTE: An application for a project in the Pinelands Area cannot be deemed administratively 
complete without the above. 
□ 9 Ten copies of documentation addressing the applicable Rules on Coastal Zone Management, N„T, A C, 
7:7E. This statement must discuss each individual policy that is applicable to the proposed project and 
may take the form of an Environmental Impact Statement (E1S) or Compliance Statement. 
a 10. Evidence of Tidelands Ownership - Permit applications cannot be accepted for filing without evidence 
that a tidelands instrument has been previously issued or applied for. The Bureau of Tidelands 
Management may be reached at (609) 292-2573. 
a 11. Development Plans - Submit 15 copies of a development plan to the appropriate scaie (MUST BE 
FOLDED if larger than 8 '/a x 11 inch size), indicating the following: 
a) The lot; 
b) All existing waterfront structures (piers, bulkheads, pilings, etc.) on the lot and immediately 
adjacent lots (if vacant or if no structure exists, please state so); 
c) Locations and dimensions of areas, structures, lots, wetlands, mean high water line, spring high 
water line, upland property, road and utility lines; 
d) The proposed construction (structures, grading, filling, etc.) and the proposed development area 
clearly labeled and showing all distances and dimensions; 
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e) The general site location of the development which may be on a county or local road man and 
an insert from U.S. Geological Survey topographic quadrangle map; 
f) The scale of the survey or map, and a north arrow; 
g) The name of person who prepared the plan and date prepared; 
h) The name of the applicant, lot and block number's), and municipality. Leave a margin of one 
inch on the top and left hand sides of the plan; 
i) Dock plans must show channel iocation, depths at mean low water outshore of the dock for a 
distance of at least 100 feet (excluding lagoons), location and orientation of proposed mooring 
areas, mooring area depths at mean low water, including the method, time, date of soundings, 
cross sections of the dock including height and width of wetland crossings; and 
j) Location of upper and lower wetlands boundary. The "upper" wetlands boundary refers to the 
upland or landward limit of wetlands, and the "lower" wetlands boundary refers to the waterward 
i : _ ; * „ r ^ i — , J . 
i in i l l u i w c u a n u a . 
NOTE: Development plans for activities in an area subject to a Tidelands conveyance (grant, 
lease or license) shall be prepared by a professional engineer or land surveyor, and must 
depict the limits of the convevance. Al! activities in areas except man-made !a°oons are 
subject to this requirement. 
12. DRFDGING APPLICATIONS are to be submitted to the office of Dredging and Sediment Technology 
at P.O. Box 028, Trenton, NJ 08625-0028. They may be contacted by phone at (609)-292-1250 
Application packages shall he submitted to: 
New Jersey Department of Environmental Protection 
Land Use Regulation Program 
P.O. Box 439 
Trenton, New Jersey 08625-0439 
Attn: Application Support 
•I 
Attachment "A" 
Notice for Linear Developments one-half mile or more in length, Existing Industrial Facilities of at least 
100 acres and Parks of at least 50 acres 
Tn lieu of providing notification to all owners of property including easements within 200 feet of the nronerfy to 
be developed, the following notification is required for linear developments one-half mile ore more in length, 
existing industrial facilities of at least 100 acres, parks of at least 50 acres. 
1. A permit application for linear development of one-half mile or more in length, including beach and due 
maintenance activities shall be subject to public notice in the official newspaper of the municipality or in 
a newspaper of general circulation in the municipality if there is no official newspapers). Notice shall 
be provided to all owners of property including easements, within 200 feet of an above ground structure 
related to the linear development such as a pump station or treatment plant, rather than to ail owners of 
property including easements, within 200 feet of the property or properties on which the proposed 
development would occur. The site plan referred to in this subsection needs not include a full set of 
plans, but must depict the proposed development in relationship to actual site conditions. The plan may 
be on an 8 Vz by 11 inch sheet of paper provided it generally depicts the proposed development and the 
general and site specific location. 
2. For additional development proposed on the site of an existing industrial facility of at least 100 acres or 
a park facility of at least 50 acres in size the Department may, at its discretion, eliminate, modify or 
reduce the requirement for individual notice to owners of property including easements, depending on 
the scope, location and anticipated impacts of the proposed development. For example, an applicant 
proposing to construct a salt dome or guard shack at an industrial facility located greater than 500 feet 
from adjacent properties would be required to provide notice in a newspaper instead of notifying all 
owner's of property including easements within 200 feet. Similarly, an applicant proposing to construct 
tennis courts located on one side of a 200 acre park facility would be required to notice only those 
property owners within the vicinity of the proposed tennis courts. If the applicant feels reduced notice 
for proposed development is warranted, the application shall contact the regional section chief at (609) 
292-0060. 
3. The notice described in items 1 and 2 above shall include (1) the completed LURP application form, (2) 
site plan (this plan may be on an 8.5 by 11 inch sheet of paper provided it generally depicts the proposed 
development and the site location); and (3) notice provided at item 5 of this checklist. 
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Attachment "B" 
INTERIM DREDGE SAMPLING AND TESTING GUIDANCE FOR TIDAL WATERS 
1. A pre-appiication conference with the Land Use Regulation Program is strongly encouraged for 
all dredging projects. The following shall be submitted to the Program with the pre-application 
request: existing bathymetry of the area to be dredged, proposed depth, amount of material to be 
removed, method of dredging, location of outfalls at the dredging site, historic upland/water use and the 
location of the dredged material disposal area. This information will be used to develop a sampling 
plan, including number of cores, their location and how they must be composited. A dredge sampling 
plan must be submitted for review and approval prior to the initiation of any testing or dredging 
activities. The Land Use Regulation Program may be contacted at (609) 292-0060. 
2. All sediment cores shall be taken to 2 feet below project depth using the methods established in the 
Department's Field Sampling Procedures Manual. A qualified individual using the USDA 
classification method shall describe each core. Cores may be homogenized unless there are distinct 
strata, which are at least 2 feet in depth. If distinct strata exist, the Program should be contacted prior to 
homogenizing or composting. 
3. Grain size analysis will be required using the grain size method of R.L. Folk, 1989, Petrology of 
Sedimentary Rocks, Hemphall Pub. Co., TX. 
4 Total Organic Carbon (TOO and percentage of moisture must be determined 
Based on items 3 and 4 above and the dredging site, method, volume and disposal area, testing requirements 
will be determined. Only labs certified by the Department of Environmental Protection for the specified 
analytical methods may be used. Please verify current certification status with the Office of Quality 
Assurance. The following analyses may be required: 
5. Rulk sediment chemistry shall be performed for the following compounds: 
a. Target Compound List (TCL + 30) for organics. 
b. Target Analyte List (TAL) for metals. 
c. Dioxin testing will be required in certain waterways, including the New Jersey-New York 
Harbor complex (2,3,7,8-TCDD and the other 16 2,3,7,8,-substituted PCDD and PCDF 
congeners). 
6. Modified elutriate test (with appropriate retention lime determined in consultation with the Program to 
reflect disposal method) shall be performed for the compounds iisted in 5 above. The modified elutriate 
test shall be conducted in accordance with US Army Engineer Waterways Experiment Station 
Environmental Effects of Dredging Technical Note EEDP-04-1,2,3 and 4 dated June 1985 entitled 
"Interim Guidance for Predicting Quality Effluent Discharged from Confined Dredged Material 
Disposal Areas". Results shall be reported for dissolved, suspended and total concentrations. 
7 For projects which will ultimately result in upland disposal, the Department is also concerned about 
potential groundwater impacts. The Department will evaluate each disposal area for potential 
contamination pathways. Based on that evaluation, further testing of the material to be dredged may be 
required. 
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Travel Statistics 
Through our research of 1995 American Travel Survey Data obtained from the U.S. 
Department of Transportation's Bureau of Statistics we have determined that our 
proposed crossing will have a major impact on three main markets of travelers. Those 
regions are the Northeast, Mid-Atlantic, and Southeast Regions. The Northeast Region 
consists of Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, and New 
York. The Mid-Atlantic Region consists of Delaware, the District of Columbia, 
Maryland, Virginia, and West Virginia. The Southeast Region consists of Florida, 
Georgia, North Carolina, and South Carolina. 
We found that 11 percent of all Northeast Region travelers travel to the Mid-Atlantic 
Region and 13 percent of all Northeast Region travelers travel to the Southeast Region. 
This tells us that 24 percent or almost one quarter of all Northeast Region travelers would 
benefit from our proposed crossing. Similarly, we found that 22 percent of all Mid-
Atlantic Region travelers travel to the Northeast Region and 8 percent of all Southeast 
Region travelers travel to the Northeast Region. This tells us that 30 percent or almost 
one third of Mid-Atlantic and Southeast Region travelers would benefit from our 
proposed crossing of the Delaware Bay. The data used to find these percentages is 
attached in the following tables. To determine these percentages we first found the 
percentage of trips from each state by means of a personal use or other roadway vehicle. 
This factor was then used to reduce the amount of travelers from each state to an accurate 
value for consideration of travelers who travel by means of railway or airway. 
The percentages mentioned above correspond to over 28 million travelers per year, as 
seen in the following tables. This number proves that our proposed crossing of the 
Delaware Bay can be beneficial to a large amount of people. Also, knowing that we were 
limited to the use of 1995 Travel Survey Data, we realize that the amount of travelers that 
can benefit from our crossing is actually higher than our calculated value of just over 28 
million. 
We also found some interesting travel trends among the travelers from states included in 
our three main market regions. A summary of these findings can be found in the 
following tables. For example, we found that New Jersey and New York are the second 
and third most popular origin states for travelers to Florida, and New York is the third 
most popular destination state for travelers who live in Florida. These findings reinforce 
that there is a large demand for a crossing of the Delaware Bay and a bypass of Interstate-
95. 
Northeast Region to MidAtlantic and Southeast Regions 
Tr ips From State By Personal Use Vehicle 
Tr ips From State By Other 
Trips From State By Personal Use Vehicle Or Other 
Total Trips From State 
Percent o f Tr ips Using Personal Use Vehicle or Other 
Total Travellers From State 
Total Travellers From State Using Personal Use Vehicle or Other 
Connecticut 
9471 
360 
9631 
12876 
76.4 
11859 
9060 
Maine 
4610 
124 
4734 
5304 
89.3 
2927 
2544 
Massachusetts 
15034 
518 
15552 
20580 
75.6 
16479 
12458 
New Hampshire 
4154 
69 
4223 
5050 
83.6 
4000 
3344 
New Jersey 
16866 
1228 
18094 
25524 
70.9 
19835 
14063 
New York 
36209 
1736 
37945 
50417 
75.3 
29959 
22559 
Vermont 
2588 
85 
2673 
3079 
86.8 
2547 
2211 
Total 
66239 
MidAtlantic States 
Delaware 
District o f Columbia 
Maryland 
Virginia 
West Virginia 
Total Travellers From Northeast State T o MidAtlantic Region 
Total Travellers From Northeast State To MidAtlantic Region By Personal Use Vehicle Or Other 
Percent ot Travellers Travelling From Northeast Region to MidAtlantic Region 
51 
222 
166 
181 
28 
648 
495 
6 
32 
30 
58 
2 
128 
114 
51 
382 
112 
302 
21 
868 
656 
10 
52 
31 
52 
6 
151 
126 
336 
710 
782 
1637 
98 
3563 
2526 
497 
1070 
1103 
1321 
52 
4043 
3043 
5 
26 
17 
45 
1 
94 
82 7041 
11 
Southeast States 
Florida 
Georgia 
North Carol ina 
South Carol ina 
Total Travellers From Northeast State To Southeast Region 
Total Travellers From Northeast State To Southeast Region By Personal Use Vehicle Or Other 
Percent of Travellers Travell ing From Northeast Region to Southeast Region 
700 
105 
160 
117 
1082 
826 
151 
17 
16 
40 
224 
200 
1186 
180 
52 
116 
1534 
1159 
187 
22 
28 
28 
265 
222 
1975 
170 
683 
494 
3322 
2355 
3129 
438 
840 
659 
5066 
3813 
97 
6 
21 
10 
134 
116 8691 
13 
Note: Numbers listed above are in thousands. 
MldAUantic Region to Northeast Region 
Trips From State By Personal Use Vehicle 
Trips From State By Other 
Trips From State By Personal Use Vehicle Or Other 
Total Trips From State 
Percent of Trips Using Personal Use Vehicle or Other 
Total Travellers From State 
Total Travellers From State Using Personal Use Vehicle or Other 
Delaware 
1874 
60 
1934 
2381 
81.2 
2198 
1785 
District of Columbia 
0 
82.0 
2087 
1711 
Maryland 
16475 
1196 
17671 
21427 
82.5 
17188 
14175 
Virginia 
23339 
744 
24083 
28587 
84.2 
18941 
15957 
West Virginia 
5691 
140 
5831 
6094 
95.7 
4176 
3996 
Total 
37624 
Northeast States 
Connecticut 
Maine 
Massachusetts 
New Hampshire 
New Jersey 
New York 
Vermont 
Total Travellers From MldAUantic State To Northeast Region 
Total Travellers From MldAUantic State To Northeast Region By Personal Use Vehicle Or Other 
Percent of Travellers Travelling From MldAUantic Region to Northeast Region 
32 
16 
74 
7 
257 
237 
19 
642 
521 
44 
17 
92 
9 
131 
368 
10 
671 
550 
321 
76 
408 
45 
3857 
1274 
51 
6032 
4975 
167 
89 
357 
65 
560 
1012 
97 
2347 
1977 
7 
8 
25 
2 
61 
117 
3 
223 
213 8237 
22 
Note: Numbers listed above are in thousands. 
Southeast Region to Northeast Region 
Trips From State By Personal Use Vehicle 
Trips From State By Other 
Trips From State By Personal Use Vehicle Or Other 
Total Trips From State 
Percent of Trips Using Personal Use Vehicle or Other 
Total Travellers From State 
Total Travellers From State Using Personal Use Vehicle or Other 
Florida 
33745 
1098 
34843 
44637 
78.1 
18841 
14707 
Georgia 
23713 
734 
24447 
28274 
86.5 
18337 
15855 
North Carolina South Carolina 
25891 
926 
26817 
29885 
89.7 
16703 
14988 
13631 
432 
14063 
15386 
91.4 
9024 
8248 
Total 
53798 
Southeast States 
Connecticut 
Maine 
Massachusetts 
New Hampshire 
New Jersey 
New York 
Vermont 
Total Travellers From Southeast State To Northeast Region 
Total Travellers From Southeast State To Northeast Region By Personal Use Vehicle Or Other 
Percent of Travellers Travelling From Southeast Region to Northeast Region 
246 
68 
336 
64 
659 
1484 
85 
2942 
2296 
77 
42 
93 
1 
176 
272 
3 
664 
574 
83 
17 
250 
4 
148 
519 
54 
1075 
965 
47 
14 
26 
15 
77 
234 
3 
416 
380 4215 
8 
Note: Numbers listed above are in thousands. 
Total Number of Travelers Passing the Delaware Bay 
Northeast Region to MidAtlantic Region 7,041,000 
Northeast Region to Southeast Region 8,691,000 
MidAtlantic Region to Northeast Region 8,237,000 
Southeast Region to Northeast Region 4,215,000 
28,184,000 
28,184,000 Travelers Per Year 
Delaware 
Florida 
Maryland 
New Jersey 
New York 
State 
1. 
2. 
3. 
1. 
2. 
3. 
1. 
2. 
3. 
1. 
2. 
3. 
1. 
2. 
3. 
Travel Trends 
Most Popular Origin States 
Pennsylvania 
Maryland 
NEW YORK 
Georgia 
NEW YORK 
NEW JERSEY 
Virginia 
Pennsylvania 
NEW JERSEY 
Pennsylvania 
MARYLAND 
New York 
Pennsylvania 
New Jersey 
Massachusetts 
1. 
2. 
3. 
1. 
2. 
3. 
1. 
2. 
3. 
1. 
2. 
3. 
1. 
2. 
3. 
Most Popular Destination States 
Virginia 
Pennsylvania 
NEW JERSEY 
Georgia 
Alabama 
NEW YORK 
Virginia 
Pennsylvania 
NEW JERSEY 
Pennsylvania 
New York 
FLORIDA 
Pennsylvania 
Massachusetts 
FLORIDA 
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Traffic Projections 
When designing a facility of this magnitude, an extensive planning analysis must be 
performed in order to accurately project the amount and type of traffic it will service over 
its lifetime. However, due to the time constraints of this project we were unable to 
perform an extensive analysis. We used a variety of resources to estimate as accurately 
as possible the amount and type of traffic that the facility will service. We researched 
travel statistics of the entire east coast and provided data in Section 3 of the proposal. We 
have since studied traffic summaries from DelDOT and NJDOT as well as maximum 
volumes of various bridge/tunnels in rural areas throughout the country. 
We determined the projected AADT, annual average daily traffic, of the future bridge-
tunnel to be approximately 24, 615 vpd. The projected level of service of the facility is 
C/D for a 4-lane highway, which was calculated using methods from the Highway 
Capacity Manual and is shown in the attached Planning Analysis Worksheet. According 
to the HCM, for design and planning purposes, service flow rates C or D are often used 
because they ensure a more acceptable quality of service to facility users. 
The design of the bridge-tunnel facility will accommodate these volumes by providing 
two lanes in each direction of traffic flow. 
MULTILANE RURAL AND SUBURBAN HIGHWAYS 7-37 
Planning Analysis Worksheet 
Highway DBRT 
From/To /W<"?r;yg> , NJ / 
Analyst QF Date 
Analysis Year 1QQO m£ OO 
INPUT DATA 
Total AADT Volume 2-/, 6/5" 
Speed Limit y5" 
Terrain (L, R, M) L-
.(vpd) 
.(mph) 
Facility Environment * 
Suburban - * *-Rural 
K 0.10 
D 0.60 
Truck Percentage 
0.15 
0.65 
/5" 
* Average values and do not necessarily reflect typical local conditions. 
ANALYSIS 
DDHV** = AADT x K x D DDHV = ZV,CIS xOJSxO-kS = 2, HOP vph 
Per lane volume for: LOS 
4-Lane Highway = 2,400 vph/2 = 1,100 <L/Q 
6-Lane Highway = V/£0__Vph/3 =_80O_ 8/c 
" Be sure all values match the analysis period, (e.g. commute, weekend) 
LEVEL OF SERVICE 
Free Flow Speed = 60 mph Free-Flow Speed = 50 mph 
Terrain 
Level 
Rolling 
LOS 
A 
B 
C 
D 
E 
A 
B 
C 
D 
E 
Mountain A 
B 
C 
D 
E 
0 
590 
990 
1360 
1620 
1890 
590 
990 
1360 
1620 
1890 
590 
990 
1360 
1620 
1890 
5 
580 
970 
1330 
1580 
1840 
540 
900 
1240 
1470 
1720 
480 
790 
1090 
1300 
1510 
Percent Trucks 
10 
570 
940 
1290 
1540 
1800 
500 
830 
1130 
1350 
1580 
400 
660 
910 
1080 
1260 
15 
550 
920 
1260 
1510 
1760 
460 
760 
1050 
1250 
1450 
340 
570 
780 
930 
1080 
20 
540 
900 
1240 
1470 
1720 
420 
710 
970 
1160 
1350 
300 
500 
680 
810 
950 
0 
490 
810 
1130 
1350 
1710 
490 
810 
1130 
1350 
1710 
490 
810 
1130 
1350 
1710 
Percent Trucks 
5 
470 
790 
1110 
1320 
1670 
440 
740 
1030 
1230 
1550 
390 
650 
910 
1080 
1370 
10 
460 
770 
1080 
1290 
1630 
410 
680 
950 
1130 
1430 
320 
540 
760 
900 
1140 
15 
450 
750 
1050 
1260 
1590 
370 
620 
870 
1040 
1320 
280 
460 
650 
770 
980 
20 
440 
740 
1030 
1230 
1550 
350 
580 
810 
960 
1220 
240 
410 
570 
680 
860 
Base Assumptions: All heavy vehicles are trucks. 
Lane widths = 12 ft. 
Lateral clearance > 6 ft. 
PHF = 0.90 
Access points = 20 per mile, each side. 
Divided highway 
Revised May 1992 
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Type of Loads 
All of the information contained in this section is referenced from the AASHTO 
publication, Standard Specifications for Highway Bridges. 
The bridge structure shall be designed to carry the following loads and forces: 
1. Dead load. 
2. Live load. 
3. Impact or dynamic effect of the live load. 
4. Wind loads. 
5. Other forces, when they exist, as follows: Longitudinal forces, centrifugal 
forces, thermal forces, earth pressure, buoyancy, shrinkage stresses, rib 
shortening, erection stresses, ice and current pressure, and earthquake stresses. 
A breakdown of the calculated values of each type of load that the structure will carry is 
attached. Each load was calculated using a span length of 100 ft. The reason a 100 ft 
span length was chosen is described in Section 5, Trestle Components and Dimensions. 
The dead load consists of the weight of the entire structure including the roadway, 
sidewalks, girders, diaphragms, bent caps, asphalt overlay, barriers, guide rails, and 
utilities. The live load consists of the weight of the applied moving load of the vehicles. 
An HS20-44 loading, which applies 32,000 lb axle loads spaced 25 ft apart, was used for 
the analysis of the live load. The impact load allows for dynamic, vibratory, and impact 
effects. It is included in loads transferred from superstructure to substructure but not 
included in loads transferred to the piles. The wind load consists of moving uniformly 
distributed loads applied to the exposed area of the structure. The wind load as well as 
other forces have not yet been determined but will appear in the final report. 
The total estimated load of the structure is 1,080 tons per 100 ft span. The total load was 
overestimated to compensate for the loads and forces that are to be determined. 
z/z/oo Dp 
Load CGICIA larionS 
/■ Oe&q Load — (*)e;<jbi of 4he e\^4ire. SrfrlAC-fw-e- 'ncluQina: 
' /"Oaau&y 
' -~>icle.isjc'1 XS 
- c>~,scfe./S 
• cii a pyx r a ayn-S 
• jje*i4<&ps 
• 'nsph&l-f over Uy 
' bayyiC-irS 
' QO'id'z. rai/s 
o-f ike dp-dd" /ocJs. ^ 
Irt €*€ used /Va -fk-CL cef^CU l^iiOy\ 
• r<Lis>■P^rrs4 coricre-fo. - 150 pc+ 
* J0i!t/e rcrf/s = ZOOpc-f 
' aspha/i ph^K, fi*.. 4hick - ^ lb. Sq. fif. 
> ui;/;4iesr^ zs-f/f * 
-ro«4wAy = (62')f8"//Z,)(l0o')OS0pQ-r) - GlOjOOOJb 
- 5;4e^cikS - (S')C6'Y/2')(/0o') (ISOpc-f) - 37 . secfb 
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" bwi CapS - (S'^'i'X.-fO'J (ISOpc-f) - 2./0,000/6 
- #spha/f-o\/e*-/<zy- (62')(iooOC9 foso./YJ = SSj80Olh 
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- **/</e rci/s = [Cy2"//2' * 5"//2>)(/Oo')(3XZ°OpcLJ -h 
. C<2"/n'x /'*3/)(io)(T.oopc:f)~3'Z--2/&06/l> 
-u-fik4ies = (/oo')(i5 /6//y')(z) =5,600/bs 
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7y\ c IVLCI< d ■ 
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1 
: 
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Pile Design 
Pile Foundations Under Trestle Roadway 
Deep foundations must be used to support the trestle-bridge portion of the crossing. 
Precast concrete piles with steel reinforcement have proven to be sufficient for similar 
structures and subsurface conditions. The following table lists the advantages and 
disadvantages of using precast concrete piles. 
Use Of Precast Concrete Piles 
Advantages 
Can be subjected to hard driving without damage. 
Corrosion resistant. 
Can be easily combined with concrete superstructure. 
Disadvantages 
Difficult to achieve proper cutoff. 
Difficult to transport. 
We have determined that for a project of such magnitude, the advantages to using precast 
concrete piles are greater than the disadvantages. These members will be cylindrical and 
hollow with a 54 inch outside diameter and 6 inch walls. The following photograph 
shows similar piles in a layout yard, similar to that which will be constructed for the 
DBBT: 
The piles will be prespun into lengths of 16 to 20 feet and strung together on strong steel 
stressing cables. The following photograph shows typical pile sections and the 
prefabricated longitudinal holes in the piles used to connect the members. 
After placement, the piles will be filled with sand to resist against collisions from objects 
such as small boats and ice floats. The following photograph shows workers on a 
platform used to cut the top of the pile sections at their appropriate elevations to connect 
with the bent caps. 
A 1 
i 1 
Load Transfer Mechanism 
The piles used will obtain their capacity through a combination of the resistance of the 
underlying soil stratum and the skin friction along the sides of the piles. It is assumed 
that all pile tips will extend through varying layers of clay and sand, and be adequately 
embedded in a gravelly sand layer. For this case, the ultimate capacity of the piles will 
be the sum of the pile capacity obtained through skin friction from each individual layer 
and the point-bearing capacity of the underlying stratum. The following schematic 
illustrates the end bearing and skin friction components of the ultimate pile capacity. 
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Pile Penetration 
The penetration length is determined by the vertical and lateral load capacities of both the 
piles and the subsurface materials. A general rule of thumb is that the design penetration 
shall extend at least 10 feet into hard cohesive or dense granular material and at least 20 
feet into soft cohesive or loose granular material. We have determined that one set of 
piles at an arbitrary cross-section located 5.5 miles from the Delaware shoreline have an 
embedment depth of approximately 100 feet from the bottom of the mudline. This 
embedment length is adequate according to the above-mentioned standard, and is 
supported with calculations located at the end of this section. The subsurface conditions, 
pile spacing, pile dimensions, and pile lengths are all shown at this location on the Pile 
Cross-Section which is Drawing SK-8 in the Appendix. 
Pile Spacing 
The piles will be spaced at a minimum center-to-center distance of 13.5 feet, which is 
three times the diameter of the pile. This will ensure that the piles will act as individual 
members instead of as a group system. Hence, the applied load will be divided between 
the piles evenly at any given pile section, and the load will not overlap amongst the piles. 
Lateral Load Resistance 
Inserting batter piles will resist lateral and overturning loads. Batter piles are piles that 
are inserted at an angle, typically 14 to 20 degrees. Although we are aware of the many 
lateral forces that must be designed for, such as seismic, tidal, and wave loads, the 
magnitude of these loads was not determined and would be accounted for through a 
proper structural analysis. 
Lateral Tip Restraint 
AASHTO standards state that no piles should be used to penetrate a soft or loose upper 
stratum overlying a hard or firm lower stratum unless the piles penetrate the lower 
stratum by a sufficient distance to fix the ends against lateral movement of the pile tip. 
Although the subsurface of our project area contains layers of varying soil type, hardness, 
and density, the pile tip extends well into the underlying stratum of gravelly sand to 
obtain adequate lateral tip restraint. 
Scour 
Protection of the piles from scour can be obtained by constructing a frame around the 
piles and placing riprap within the frame. This frame can be built from either wood or an 
appropriate geosynthetic material. The probable depth of scour would be determined by a 
subsurface investigation and hydraulic studies. 
Driven Pile Design 
It is important to note that a complete pile design is out of the scope of this project. The 
following flow chart shows the process required to design driven piles. 
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During the duration of this project we have been able to complete the first two steps in 
the above flow chart. The site related information obtained during the fall term including 
local geology, subsurface conditions, and common practices gave the parameters needed 
to estimate appropriate pile dimensions and calculate an approximate ultimate pile 
capacity. With a factor of safety of 2.5 we were then able to calculate an allowable pile 
capacity. Using our preliminary roadway design we calculated the total load that will act 
on a 100 foot long span. Finally, we determined that we need approximately 5 piles per 
span to support the estimated load, for a total of approximately 4700 piles. The above 
mentioned conclusions were arrived at by performing hand calculations, included at the 
end of this section. 
To continue further pile design a computer program would be essential to complete the 
design of the piles needed to build the DBBT. An adequate computer program will use 
pile and subsurface parameters to produce appropriate pile lengths much more efficiently 
than by performing hand calculations. It is important to note that the estimated lengths 
obtained from a computer program will need to be thoroughly hand checked for 
consistency and inaccuracies. According to the above flow chart, the next step in 
designing driven production piles is to drive test piles and determine the capacity of those 
test piles through static loading, dynamic testing, drivability studies, or through a 
combination of these methods. The method chosen is dependent upon knowledge of the 
subsurface conditions and past experience. It must be noted that if structures exist in the 
vicinity with the same pile type and subsurface conditions, then previous experience can 
abolish the need for test piles. Conversely, if pile types and subsurface conditions change 
throughout a project site, then multiple test piles should be driven. The bridge tunnel we 
are designing would require multiple test piles due to a very large project site and varying 
subsurface conditions. If this step were performed, we could compare and verify our 
hand calculated pile capacity with an actual one. Once again, this is not possible because 
of the nature of our project. After the pile lengths and capacities are deemed suitable for 
the given conditions and loads, and when the contractor is satisfied, the production piles 
can be driven. 
Summary Of Pile Conclusions 
An arbitrary point located 5.5 miles from the Delaware shoreline was picked to perform 
calculations to estimate the number of piles needed for each span. These calculations are 
included in the appendix and determined that 5 piles will be needed to carry the axial load 
of 1080 tons per 100 foot span (940 spans). A factor of safety of 2.5 was used to derive 
the allowable pile capacity. The results from the above mentioned calculations are 
summarized in the following table: 
Pile Parameters 
Outside Diameter 
Inside Diameter 
Minimum Center To Center Spacing 
* Embedment Length (approximate) 
* Total Length (approximate) 
* Point Bearing Pile Capacity 
* Skin Friction Pile Capacity 
* Ultimate Pile Capacity 
* Allowable Pile Capacity 
* Number of Piles Per Span (approximate) 
Total Number of Piles (approximate) 
54 inches 
48 inches 
162 inches 
N/A 
N/A 
106.2 kips 
851.2 kips 
957.4 kips 
383 kips 
4.5 feet 
4 feet 
13.5 feet 
100 feet 
157 feet 
53.1 tons 
425.6 tons 
478.7 tons 
191.5 tons 
5 
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Structural Analysis And Design Of Pile Members 
Structural analysis was not performed during our feasibility study because it was not part 
of our scope. It would be an important part of the work performed for actual construction 
of the DBBT. Structural design of a typical precast concrete pile with steel reinforcement 
would be carried out using a computer program such as STAAD or SEISAB. A 
structural design engineer would then incorporate the appropriate subsurface and pile 
parameters to determine if the pile can adequately carry the compressive and lateral 
forces it will be subjected to. 
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Trestle Components and Dimensions 
Although we have not yet performed a structural analysis and design of the trestle-bridge, 
we have determined the components of the structure and overall dimensions of the bridge 
deck. A detailed structural design will be presented in the final report. The following 
paragraphs will breakdown the components and overall dimensions of the trestle-bridge 
and provide a brief description of each. An isometric drawing of the trestle-bridge is 
provided in Appendix ii. 
A thorough investigation and study of a similar trestle bridge, the Chesapeake Bay 
Bridge-Tunnel, designed by Sverdrup Civil Inc., was performed to aid in the design of 
our structure. After an extensive analysis Sverdrup determined the most economical and 
beneficial span length to be 100 ft between pile supports. Hence, we will use 100 ft 
spans in the design of the trestle bridge. 
In order to stabilize the piles and support the loads of the superstructure and substructure, 
prefabricated reinforced concrete bent caps will be secured on each pile system. The bent 
caps will be angled at 2% from its centerline to provide free drainage of the roadway. A 
five pile system will be used as a foundation for the structure and is discussed in detail in 
Section 5. After the bent caps are placed, elastomeric bearing pads will be used on the 
surface of the bent caps to provide shock resistance due to deflections in the structure. 
Prefabricated reinforced concrete AASHTO girders will be used across each span to 
support the bridge deck. After the girders are secured, cast-in-place reinforced concrete 
diaphragms will be constructed to provide geometric stability of the girders and resist 
lateral forces applied to the substructure. The deck will consist of prefabricated 
reinforced concrete slabs of 100 ft lengths. We anticipate that approximately five deck 
units will be needed for each span, (2) 12'-6" units on each outside end of the deck and 
(3) 14'-0" units across the width of the deck. The deck unit dimensions will be finalized 
in the final report. 
The cross-section of the bridge deck will contain the following dimensions: an overall 
width of 67'-0" with (4) 12'-0" driving lanes, two in each direction of traffic flow, 
(2) 6'-0" shoulders on either side of the deck, 30" sidewalks with guide rail on either side 
of the deck, and a 2'-0" median with a barrier in the center for traffic protection. 
The design of the superstructure is governed by AASHTO - Standard Specifications for 
Highway Bridges, 14th ed., 1989. DelDOT and NJDOT design manuals were not utilized 
because the ownership of the bridge is unknown at this time. The structural design 
calculations contained in this section are preliminary and are used for planning and cost 
estimate purposes only. Since Millennium 6 does not currently have a strong structural 
background, the superstructure design will be sub-contracted to a capable and recognized 
bridge engineering firm. 
The superstructure of the trestle bridge will consist of prestressed concrete AASHTO 
Type I-Beams supporting a precast reinforced concrete deck. Concrete was chosen rather 
than steel because of its durability and relatively low maintenance costs in the highly 
corrosive environmental conditions of the Delaware Bay. The concrete will not require 
the regular maintenance, such as cleaning and painting, over the lifetime of the structure. 
Low maintenance will be very beneficial considering the 17 mile length of the bridge. A 
study of the CBBT verifies the long term success of a concrete trestle bridge exposed to 
moist salty air and water, strong currents, and freeze-thaw conditions. 
The preliminary design for the superstructure is shown in the attached calculation sheets 
and is based on an 8" thick, 3500 psi concrete bridge deck with a 67'-0" out-to-out width 
and AASHTO standard H20 loading. To support the anticipated loading, the I-beams 
will span lOO'-O" center-to-center bearings, and have 42" top flange widths and 28" 
bottom flange widths at depths of approximately 6'-0". Table 1 shows a cross-section 
and lists the dimensions and properties of an AASHTO type beam. Nine beams spaced 
8'-0" apart is considered in the analysis. The total moment on each beam is 5.31 ft-kips 
which governs the design of the reinforcement. The reinforcement type used in the 
analysis is #5 grade 60, epoxy coated rebar. The top flange of each beam will contain 
0.61 in2/ft area of steel spaced 6" center-to-center with a 2 1/2" clear cover. The bottom 
flange of each beam will contain 0.51 in2/ft area of steel spaced 7" center-to-center with a 
1 1/2" clear cover. The main reinforcement perpendicular to the traffic flow will contain 
0.34 in2/ft area of steel spaced 11" center-to-center in the middle half and outer quarters 
of the span. 
For prestressed member design a program such as PS-3 developed by PennDOT should 
be used. This program follows AASHTO's design criteria. 
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Tunnel Components and Dimensions 
The immersed tube tunnel consists of two main portals and a service tunnel. Appendix iii 
shows the cross section of the tunnel. The dimensions are 80 ft wide and 34 ft in depth. 
The approximate length of each tube element is 300 ft. The main portals are 28 ft in 
diameter. This allows for a 26 ft deck which slopes 2% for drainage purposes. There will 
be (2) 12 ft lanes and a 2 ft catwalk to provide access to the emergency / service portal. 
The access corridors will be located approximately 150 ft apart which allows for two 
accesses for each element. The height of the roadway area is 15 ft. The areas above and 
below the roadway area will be used as the exhaust and supply air ducts. The remaining 
area in the portals and in the service tunnel will be used to transport telecommunications 
and other utilities. 
Materials 
The materials used in the tube tunnel consist of 
steel, polymers and concrete. The shell of the 
element will be steel with a waterproof polymer 
liner. This will encase 4000-psi reinforced 
concrete. The tunnel portals will have steel 
reinforcing bar cages which is used to add 
structural strength in the roadway portals. The 
concrete is at least 2 ft thick on all sides to combat the hydrostatic pressure that is acting 
on the tunnel at the depth of placement. 
Pressures 
Design loads are significant and our design takes these into consideration. The water 
pressure of the overlying sea and the tidal movements are the main factors in deciding the 
strength of the tube elements. The lateral earth pressure is usually negligible because the 
hydrostatic pressure is much greater and is determined using the limiting factor of the 
tunnel, however, both pressures must be considered in the design. The backfill is the 
overburden pressure exerted on the tunnel by the hydraulic fill and large rip rap. 
The weight can be calculated and controlled. The Figure below shows the pressures 
exerted by the cover soil on the tube element. 
»■.<». 
(«) INITIAL PRESSURE 
ON SOIL ELEMENT 
(b) PRESSURESON HORIZONTAL AND VERTICAL 
PLANES OP A STIFF TUBE 
The Hydrostatic Pressure, the Overburden Pressure and the Lateral Earth Pressure of the 
soil can be calculated as follows. The actual values for these pressures are shown in the 
calculation sheets. 
Hydrostatic Pressure: 
Ph = y h A 
Where: Ph = Hydrostatic Pressure 
y = Unit Weight of Water 
h = Height to Centroid of Below Water Surface 
A = Area of Surface 
Overburden Pressure: 
Pv = cr/A 
a = Zyw +Zysat 
(l.l) 
(1.2) 
Where: P v = Overburden Pressure 
CJ = Total Stress at Elevation H 
Yw = Unit Weight of Water 
Ysat = Saturated Unit Weight of Soil 
Z = Elevation to Top of the Tube Element 
Lateral Earth Pressure: 
P L = <Jh k h = (Ysat - Yw) Z kh (1.3) 
Where: P L = Lateral Earth Pressure 
CJ = Total Horizontal Stress 
kh = Earth Pressure Coefficient 
Yw = Unit Weight of Water 
Ysat = Unit Weight of Soil 
The structure must be designed to overcome buoyancy forces. The ballast added must be 
greater than the buoyant force in lbs. force to keep the element from rising to the surface. 
The illustration shows the freeboard of the tube tunnel that the buoyancy creates. 
Once the ballast is added and the element is placed on the sea floor, the covering can be 
installed. The buoyancy force can be calculated as follows. 
Buoyant Force: 
Fg - Weight of Water Displaced 
FB=(Y) (V) (1.4) 
Where: F B = Buoyant Force 
y = Unit Weight of Water 
V = Volume of Water Displaced 
Protective Covering 
The tube elements will need the protective covering of the hydraulic fill and the rip rap. 
The soil will protect the element from debris flowing 
through the bay and also any shipping hazards that might 
occur. Geofoam is one alternative we will be using as 
protective cover. It can be installed before the tube element 
is placed into position. The rip rap shown here also has this 
as its primary function. The fill and the rip rap also serve to 
restrain the elements from the pressures of tides and 
currents of the bay system. 
Ventilation 
Ventilation plays a key role in the design and 
construction of the immersed tunnel. The length 
of the tunnel dictates the need for vertical 
surface ventilation shafts. However, the 
designed tunnel length for this project does not 
prescribe the need for these shafts. The mode of 
transportation is the main factor when deciding the degree of ventilation. Vehicular 
traffic is the most stressing of ventilation techniques. The pollution tends to increase 
toward the exit portals. Conventional fans can be used in this case (shown above). In our 
design we will use conventional fans located in the ventilation and control buildings 
which will be constructed on the man made islands. The fans will keep a minimum flow 
velocity of 5 m/s. Jet fans shown below will be constructed on the ceiling of the tunnel 
roadway. They will be driven by external sensors which will identify any changes over 
the acceptable levels of pollution and visibility. The pollution that is the most common 
problem within the tunnel is generated by emissions from motor vehicles. Carbon 
Monoxide (CO) is deadly to humans in concentrated amounts. The acceptable level of the 
CO is 100 parts per million (ppm). Nitrogen Oxide (N02) is also a problem to the health 
and safety of the public. The acceptable level of this harmful emission is 800 ug/m . 
Visibility is also a concern in enclosed atmospheres. The minimum distance of visibility 
will be 300 ft. This will ensure that the drivers will be able to avoid any obstacles that 
might arise during their trip through the tunnel and will also give them ample stopping 
time. Approximately 50 jet fans will be used in each 300 ft. immersed tube tunnel. The 
jet fans will be spaced approximately 30 ft. apart in 10 rows of 5 fans. The jet fans are 
approximately 2.3 ft. in diameter. When the 
sensors detect a rise in the levels of CO and/or 
N02, they will be activated. The fans can 
operate in forward or reverse thrust depending 
on where the problem is located. For instance if 
there is an accident at the eastern end of the 
tunnel the fans will concentrate their combined 
thrust in the direction closest to the nearest portal which will be in the eastern direction. 
Also, the fans are able to withstand temperatures of up to 250 degrees C for a period of 
60 minutes. This will ensure time for evacuation of personnel from the tunnel. The fans 
are equipped with silencers to limit the noise level to 95 dB(A) approximately 5 ft. above 
street level. The characteristics of the jet fans is shown on the following page. 
Jet Fan Characteristics 
Designation 
Diameter 
Flow Direction Forward 
Air Flow rate (m3/s) 
Measured Thrust 
Electrical Input Power 
Measured Thrust/ 
Electrical Input Power 
Full Load Current 
Flow Direction Reverse 
Air Flow rate (m3/s) 
Measured Thrust 
Electrical Input Power 
Measured Thrust/ 
Electrical Input Power 
Full Load Current 
Technical Characteristics 
2.3 ft. 
16.3 m3/s 
0.811 kN 
33.4 kW 
0.0243 kN/kW 
31.1 A 
16.2 m3/s 
0.801 kN 
32.8 kW 
0.0244 kN/kW 
30.6 A 
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Tunnel Placement 
The unique feature of the Delaware Bay Bridge is the tunnel section that will span under 
the shipping channel. The tunnel is being incorporated so as to allow continued flow of 
vessels through the bay without causing any hindrance. The type of tunnel being sought 
for this project is a sunken-tube tunnel. The reason for choosing this type of design was 
covered in the proposal delivered on December 3, 1999. These tunnels will be placed in 
a trench type detail, which encompasses the dredging of the bay to allow for tunnel 
placement. The Delaware Bay tunnel is 5,900 ft long from island to island. The shipping 
channel depth in the bay is 45-50 ft deep. The tunnel itself will be placed upon a sand 
layer on the bay bottom. On top of this natural layer will be placed a 6 inch screeded 
foundation course. This cover level will be composed of coarse sand or well - graded 
gravel that will be placed in the trench and leveled to the accurate grade required. The 
gradation of material used may vary from 0.25 to 1.5 inches in light currents up to 6 
inches stones in areas where heavy currents are known to occur ( Bickel and Kuesel, 
1982). The process by which the leveling is accomplished is by dragging a heavy screed, 
made of steel beams, over the surface. The process is repeated until the desired grade is 
reached. The type of machine that could be used for this project is a special screed rig 
that consists of a steel truss that was supported by floatation tanks ( Bickel and Kuesel, 
1982). What makes these rigs valuable is their ability to be ballasted with water, which 
acts to reduce the buoyancy, which allows for anchoring against tide changes, thus 
eliminating adjustments during screeding. Screeding allows for an accuracy of+, - 1.5 
inches (Bickel and Kuesel, 1982). 
After the foundation has been carefully set, the placing of the tunnel sections may begin. 
The tube sections are floated to the site from the off-shore prefabrication yard. Upon 
arrival, the task of aligning the sections begins. This will be accomplished by means of 
GPS (global positioning satellites). After the section has been aligned and is determined 
to be in the exact location, the ballast can be added. The purpose of the ballast is to add 
the necessary weight to the tunnel section to help it overcome the buoyancy force acting. 
The ballast is then barged out to the site and pumped into pockets of the tunnel sections. 
During the duration of this project we have been able to complete the first two steps in 
the above flow chart. The site related information obtained during the fall term including 
local geology, subsurface conditions, and common practices gave the parameters needed 
to estimate appropriate pile dimensions and calculate an approximate ultimate pile 
capacity. With a factor of safety of 2.5 we were then able to calculate an allowable pile 
capacity. Using our preliminary roadway design we calculated the total load that will act 
on a 100 foot long span. Finally, we determined that we need approximately 5 piles per 
span to support the estimated load, for a total of approximately 4700 piles. The above 
mentioned conclusions were arrived at by performing hand calculations, included at the 
end of this section. 
To continue further pile design a computer program would be essential to complete the 
design of the piles needed to build the DBBT. An adequate computer program will use 
pile and subsurface parameters to produce appropriate pile lengths much more efficiently 
than by performing hand calculations. It is important to note that the estimated lengths 
obtained from a computer program will need to be thoroughly hand checked for 
consistency and inaccuracies. According to the above flow chart, the next step in 
designing driven production piles is to drive test piles and determine the capacity of those 
test piles through static loading, dynamic testing, drivability studies, or through a 
combination of these methods. The method chosen is dependent upon knowledge of the 
subsurface conditions and past experience. It must be noted that if structures exist in the 
vicinity with the same pile type and subsurface conditions, then previous experience can 
abolish the need for test piles. Conversely, if pile types and subsurface conditions change 
throughout a project site, then multiple test piles should be driven. The bridge tunnel we 
are designing would require multiple test piles due to a very large project site and varying 
subsurface conditions. If this step were performed, we could compare and verify our 
hand calculated pile capacity with an actual one. Once again, this is not possible because 
of the nature of our project. After the pile lengths and capacities are deemed suitable for 
the given conditions and loads, and when the contractor is satisfied, the production piles 
can be driven. 
All these values are fully displayed in the tunnel profile plot in Appendix SK-3. As 
already designed by the Chesapeake Bay Bridge-Tunnel, the sections will be 
prefabricated to 300 ft lengths. This would require that 20 sections be fabricated to meet 
the 1.1-mile stretch that must be covered. 
Bearing Capacity 
One factor that must be considered for completion of this project is the bearing capacity 
that would be applied to the soil from the backfill and the large riprap. The reason that 
the tunnel does not play any part in this calculation is that the tunnel is still buoyant and 
not resting fully on the soil subgrade, hence not applying a tremendous force to it. For 
the purposes of this report, the ultimate bearing capacity, which is the load per unit area 
of the foundation, at which shear failure in soil occurs. Using soil parameters that were 
obtained from the "Principles of Foundation Engineering, Fourth Edition", (Das, 98), and 
equation 3.25 on page 166, the calculated bearing capacity is 223 kips/ftA2. 
Geofoam 
An area of engineering that will be utilized more in the project is the addition of 
geosynthetic materials. A certain type that will play a vital and necessary role is 
geofoam. The design calls for geofoam to be used as the barrier between the immersed 
tube and the rip rap protection in the shipping channel portion. This is shown in 
Appendix SK-5. Geofoam is cellular plastic material that is strong but has a very low 
density. It is largely used in fill applications where a lightweight fill material is required 
to reduce stresses on underlying soils. In the case of this project it will be used to reduce 
stress on the surface of the immersed tube. The decision to use geofoam is based on the 
following considerations: 
1. Composition and materials 
2. Environmentally safe 
3. Limitations 
4. Design criteria 
As mentioned geofoam is a lightweight cellular material. Basically, geofoam is used 
when referring to expanded polystyrene (EPS) or extruded polystyrene (XPS). Another 
feature is it is unaffected by normally occurring weather during installation time and will 
regain its physical properties when exposed to pre-engineered conditions. Geofoam is 
traditionally produced in a block form in various standard sizes. Accommodations can be 
made however to allow for additional sizes to be fabricated to meet job specific 
requirements. 
Geofoam is also environmentally friendly. They contain no CFC's, HCFC,s, 
HFC's, or formaldehyde. The blocks themselves are highly stable and wjll not 
decompose, decay, or produce any undesirable gases or compounds. The material itself 
is unaffected by freeze thaw cycling or moisture. This is desirable considering the 
material plans to be utilized in a subaqueous environment. To ensure that the geofoam 
operates to its highest qualities, the material should be protected upon arrival to the site. 
This includes protection from exposure to hydrocarbons, highly solvent extended mastics, 
and long term ultraviolet exposure. 
Provided in this report is a table showing the various physical properties of 
geofoams to be considered for this project. 
GEOFOAM PROPERTIES 
Property 
Density kg/mA3 (lbsffiA3) 
Nominal 
Minimum 
Theraml Resistance 
25.4 mm (1.00 in) 
thickness minimum 
k*mA2/W (F*ftA2*h/BTU) 
at 4.4 C (40 F) 
at 23.9 C (75 F) 
Compressive Resistance 
yield or 10% deformation 
Min. kPa (psi) 
Flexural Strength 
Min. kPa (psi) 
Water Absorption 
by total immersion 
Max. Vol% 
Dimensional Stability 
(change in directions) 
Max% 
Bouyancy Force 
kg/mA3 (lbs/ftA3) 
Modulus of Elasticity 
(Young's Modulus) 
kPa (psi) 
Stress kPa (psi) 
at 0.5% Strain 
at 1% Strain 
Poisson's Ratio 
ASTM Test 
C303/D1622 
C177/C518 
at 
C165/D1621 
C203 
C272 
D2126 
D1621 
D1621 
Type XI 
12(0.75) 
11 (0.70) 
0.58 (3.3) 
0.55(3.1) 
35 (5.0) 
70(10) 
4.0 
2.0 
988 (62) 
3103 (450) 
17(2.5) 
35 (5.0) 
0.05 
Type I 
16(1.00) 
15(0.90) 
0.70 (4.0) 
0.63 (3.6) 
69 (10) 
173(25) 
4.0 
2.0 
984(61) 
4655 (675) 
24 (3.5) 
48 (7.0) 
0.05 
Type VIII 
20(1.25) 
18(1.15) 
0.74 (4.2) 
0.68 (3.8) 
90(13) 
208 (30) 
3.0 
2.0 
980(61) 
5862 (850) 
29 (4.3) 
58 (8.5) 
0.05 
Type II 
24(1.50) 
22(1.35) 
0.77 (4.4) 
0.70 (4.0) 
104(15) 
276 (40) 
3.0 
2.0 
976(61) 
7935(1150) 
41(6) 
82 (12) 
0.05 
Type IX 
32 (2.00) 
29(1.80) 
0.81 (4.6) 
0.74 (4.2) 
173(25) 
345(50) 
2.0 
2.0 
968 (60) 
10344(1500) 
55(8) 
110(16) 
0.05 
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Man Made Islands 
Two man made islands are required for this project. The main function of the islands is 
to be a transition between the trestle bridge and tunnel sections. They also will function 
as the location of the ventilation buildings, maintenance garages, materials, and 
equipment. Also located on the islands will be two large parking and rest areas where 
tourists, travelers, and fishermen can enjoy the views. As seen in the figure below, 
emergency response personnel, their vehicles, and Medi-Vac helicopters can easily be 
accommodated, because safety was a major concern in designing the islands as well as 
the design trestle bridge, tunnel, and piles foundations. Additionally it is thought that a 
portion of the islands can be developed into shopping centers, restaurants, and small 
casino's depending on future demands and needs for additional revenue generation. 
Both island bases will rest on a fine sand layer located 40' below mean sea level as 
shown in the Island Cross Section in Appendix SK-6. A major portion of both islands 
will be constructed using a new technology of large hydraulically filled non-woven 
geotextile bags called "geocontainers". 
Naue Fasertechnik of Germany produces a geocontainer called Terrafix shown below. It 
is a large geocontainer of sufficient strength and flexibility to ensure survivability during 
construction installation and durability throughout its useful life. 
The geocontainers will be placed with an open bottom scow, as shown below, up to mean 
sea level approximately 40' as shown in the Island Cross Section in the Appendix. These 
geocontainers are placed in the scow, filled hydraulically, sewn shut, and dropped into 
place with cranes connected to the scow. For additional cost GPS systems can be used 
for pinpoint accuracy. 
The use of geocontainers was chosen over traditional dredge and pump methods to 
construct the islands for the following reasons. As mentioned earlier they contain the 
required flexibility and strength to survive installation and remain intact through the life 
of the island. More important than their ability to resist puncture and tear is the 
containment properties of the non-woven geotextile material. The geocontainers have the 
function of being able to contain fine soils. The non-woven material prevents soil 
extrusion or intrusion through its surface. If one should split during installation, once 
they are in place and surrounded by other geocontainers and the riprap they still have 
served the function of containment and bearing capacity. By using the geocontainers 
downstream turbidity will reduced. Also if any contaminated soils are encountered 
during the dredging and filling process they can still be used because they will effectively 
be contained once placed. This function will save money because any contaminated soil 
will not have to be remediated thus saving construction time and cutting cost in the long 
run. Another reason geocontainers were chosen was because they have been shown to 
promote vegetative growth, which is an important measure to be taken to help correct 
damage that may be caused by the island construction. Thus the use of the geocontainers 
is environmentally friendlier than dredge and pump techniques will reduce or eliminate 
downstream pollution during construction as well as stabilize the areas surrounding the 
islands upon completion while providing necessary strength. 
The remainder of the islands will be filled hydraulically with a mixture of structural fill 
and accepted dredged materials to a final elevation of 25' above mean sea level as shown 
below. Also refer to attached Island Cross Section. 
The islands will require compaction and surcharging as mentioned earlier. They will be 
surrounded with a 5' thick layer of large riprap weighing 8 to 15 tons each with smaller 
material in filling the riprap to prevent movement shown above. The islands will have 2 
to 1 slopes and a 5' x 10' reinforced concrete sea wall at the top of the slopes around the 
entire perimeter to prevent tidal influences. The toes of the slopes will be supported with 
hydraulically placed gravel and quarry run rock to provide both a starting base and 
support for the riprap during initial island construction phase. The islands will contain 
the exit areas for the tunnel emergency portals, as well as the transition roadway and 
tunnel entrance walls supported by means of mat foundation see attached island cross 
section. The overall dimensions of the islands are 65' depth, with 25' reveal above and 
40' below mean sea level, 1550' length, 270' width at the base, and 200' width at the 
outside top of the sea wall. To get to the fine sand layer base for the islands will require 
the excavation or dredging of roughly 1.31 million cubic yards of soil all to be used as fill 
for the islands as mentioned above see attached volume calculations at the end of this 
section. 
Construction of the islands will be carried simultaneously with that of the tunnel and 
trestle bridge with a 6-month lag time period to allow for consolidation before the trestle 
and tunnel can be tied into the islands. The 6-month period was driven by the need to 
reduce construction time and payback startup in the short run, while reducing overall 
project cost in the long run. To accomplish this consolidation time 100mm x 4mm wick 
drains will be placed in a triangular fashion at 1.25 meter distances throughout the island 
to ensure settlement occurs within the 6-month time so that the tunnel and trestle can be 
tied into the islands (see hand calculations attached to the end of this section). 
Consolidation time is independent of settlement. Settlement is driven by the type of 
material used to be hydraulically filled into the geocontainers as well as the material used 
above sea level. Without a detailed subsurface investigation, which we recommend, and 
with the limited soil data presently available the soil to be used in the island construction 
is roughly thought to be silty sand and total settlement cannot be calculated accurately. 
Thus in the construction phase the amount of settlement will be monitored only, with 
emphasis being placed surcharging the islands enough to achieve the required 
consolidation time regardless of the amount of total settlement. The islands will continue 
to be filled until settlement whatever the amount is complete. 
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Construction Methods 
In considering a project of this magnitude, given the large number of prefabricated bent 
caps, bridge deck units, and pile sections that will be required, it is critical to determine 
the most efficient means of construction. This section covers preliminary means of 
constructing pile foundations, trestle-bridge deck, and tunnel. The methods for 
constructing the transition islands will be presented in this final report. The methods 
mentioned above are at this time what we feel to be the most efficient means of 
construction. 
Construction Material and Lay Down Area 
It was determined that the project will require a 50 acre concrete plant and prefabrication 
lay down yard adjacent to the project itself to ensure that costs and delays associated with 
the transportation of materials are avoided. The concrete produced will be used for all 
trestle bridge components, pile foundations, and tunnel ballast. The incurred cost of the 
facility will be less than if the materials are transported from other facilities. Considering 
that a prefabrication area would be necessary for this project we feel this is the most 
efficient approach. Two sites are being considered for this facility, one site on both the 
New Jersey and Delaware sides of the bay. The site selection and cost will be presented 
in the final report. 
Pile Driving Operations 
Pile driving will be performed by a combination of two pieces of equipment proven in 
this type of construction. One is a four-legged jack up rig than can stand on the bottom 
of the Bay. This operation will be utilized in any area of the project that is not too deep 
for the rig and where stabilization of the rig becomes an issue. The second piece of 
equipment is a floating -barge rig. This rig will be used in any situations where the jack 
up rig is less suitable such as, depth of bay, drastic slope changes in the channel, and 
shallow sections. 
The piles themselves will be cast and prefabricated at the chosen concrete and lay down 
facility, loaded onto barges, transported to their final destination, and driven by hydraulic 
hammer attached to one of the rigs mentioned above. 
Trestle Bridge Construction 
The construction of the trestle bridge deck requires two pieces of equipment also proven 
in this type of work. The first is a two-sided crane. On the front end of the equipment 
workers prepare the driven piles to within one inch of proper height. On the second side 
workers set bent caps, transported by barge from the lay down facility, on top of the 
prepared piles and grout them in place with concrete from the site plant. 
The modular bridge deck sections will again be cast and prefabricated in the concrete and 
lay down facility. They too will be transported by barge to their point of use and set in 
place by a piece of equipment called a slab setter. This equipment rides the prepared bent 
caps, picks modular road sections from barges, and sets them into place. This 
combination of methods for trestle bridge installation is both proven and widely accepted 
in this type of work. 
Tunnel Prefabrication and Installation 
The required 300 ft tunnel will be prefabricated in dry docks at the old Philadelphia 
Naval Shipyard. This area site currently owned by Keverner provides is the best location 
available for this operation. The site provides enough space, is along the Bay, and 
located close to the proposed project for transportation. 
Upon prefabrication the tunnel sections will be launched into the Bay and, with the help 
of tugboats, floated down stream to their final destination for installation as discussed in 
the tunnel section above. We are presently working out the details of the tunnel 
prefabrication operation with Keverner and several tugboat services. 
Shipping Lane Traffic 
Normal shipping lane traffic must not be hindered during the process of transportation 
and placement of said tunnel sections. Furthermore services of the U.S. Coast Guard 
must be employed to monitor these operations. We are still working out this detail but 
feel that tunnel transportation and installation will not affect normal shipping traffic of 
the channel. Compared to the width of the channel the relatively small tunnel sections 
can be placed while shipping traffic is maintained. 
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Proposed Project Schedule 
Millennium 6 has organized project CPM Schedule for this mega-project. We have 
covered all of the items that would be necessary to make this project a reality. This 
project would take roughly 6 years from an approved feasibility study to opening day. 
This is barring any major environmental delays, funding problems, and major 
construction catastrophes. This schedule outlines the entire process with detailed line 
items along with summary bars. Please review the attached schedule. 
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Project Budget 
We have prepared a final project budget for the Delaware Bay Fixed Link Crossing. We 
included our feasibility study, design fees, actual construction cost estimates, and all 
general costs associated with this project. In order to get as accurate of a budget as 
possible, Millennium 6 used 3 main sources for pricing. We used the Means 2000 
construction manual for most of our unit prices and design fees. For some of the more 
specialized construction, we used professional consultants to assist us with pricing the 
tunnel and island construction. We used engineers from Sverdrup Civil Engineering 
firm, and Walter C. Grantz, Chief Engineer from the Chesapeake Bay Bridge and Tunnel 
District for pricing of these specialized items. 
After all of our designs were finalized, we took-off the entire project and quantified all 
of the materials/labor required for this project. Included in this final report is a schedule 
of values for all these particular items. We included design fees, which we based as a 
percentage of the construction costs that are standard for these types of construction, and 
then modified them slightly due to the fact that this is a larger project than most. We also 
utilized a lump sum cost for land acquisition in New Jersey to allow for our road 
construction which ties into our fixed link into Route 42 and Route 55, which will be tied 
into the Garden State Parkway. 
With our take-offs and all of our unit prices available, we put together a project estimate. 
Our original estimate was 2.3 billion dollars; this number has since been refined to 
around 1.18 Billion Dollars. 
Budget For Fixed Link 
Description 
Feasibility Study 
Land Acquisition 
Architect/ Design Fees 
Structural Fees 
General Contractor / Construction Management 
Trestle Bridge Construction 
Island Construction 
Sunken Tube Tunnel Construction 
Road Modifications 
Project Grand Total 
Subtotals 
$95,179 
$50,000,000 
$8,000,000 
$2,500,000 
$261,198,047 
$330,540,664 
$111,200,000 
$404,778,424 
$15,520,672 
$1,183,832,987 
Detailed Construction Costs 
Description 
Trestle Bridge 
Trestle Bridge Road Surface (62 ft wide by 18 mi) 
Sidewalks precast into planks 
54" Dia Piles 18 Mi @ 100' center (5 each) 
average 100 foot pile 
Install price of LF of piles 
Pile Caps material Cost 
Install Pile Caps 
Concrete Girders, 2 per Plank 100' long, Installed 
Precast Plank Area 62' road surface + 6' for sidewalk area 
Asphalt for road 62' wide, 2" Top Coat 
Jersey Barriers 18 Mi 
Railings (exterior Sidewalk) Aluminum Pipe Rail 
Site Lights, 75' Separation, on both sides 
Solid Striping 4 lines 
Lane dividing stripes 
Utility wire/cable holder on side of bridge deck (Alum) 
SUBTOTAL 
Quantity 
5892480 
4752 
475200 
475200 
39900 
950 
1140480 
5134104 
5892480 
95040 
190080 
2534 
380160 
190080 
95040 
Sunken Tube (4 lanes * 4500 LF) 
Tunnel Fabrication, includes structure, tiled walls, walking and riding surfaci 
5904 
Asphalt for road 48' wide, 3" Base 283392 
Asphalt for road 48' wide, 2" Top Coat 283392 
Sidewalk Railings 11808 
Interior Lights, 250 Watt Wall Packs 5904*2 11808 
Solid Striping 4 lines 23616 
Lane dividing stripes 11808 
Controls Building for Mechanical equip controls 
100' * 200' *5 floors = 100000 sf * 2 buildings 200000 
Mechanical Equipment Fans, Blowers, Lighting Controls I 
SUBTOTAL 
Units Unit Price Subtotals Total Cost 
SF 
LumpSum 
LF 
LF 
SY 
UnitCost 
LF 
SF 
SF 
LF 
LF 
UnitCost 
LF 
LF 
LF 
3S, installed 
LF 
SF 
SF 
LF 
UnitCost 
LF 
LF 
SF 
LumpSum 
$40.00 
$55.00 
$34.00 
$2,000.00 
$161.00 
$12.00 
$0.53 
$38.50 
$105.00 
$2,460.00 
$0.24 
$0.24 
$40.00 
n place. 
$60,000.00 
$0.65 
$0.53 
$105.00 
$335.00 
$0.24 
$0.24 
$200.00 
$5,000,000.00 
$19,008,000.00 
$26,136,000.00 
$1,356,600.00 
$1,900,000.00 
$183,617,280.00 
$61,609,248.00 
$3,123,014.40 
$3,659,040.00 
$19,958,400.00 
$6,234,624.00 
$91,238.40 
$45,619.20 
$3,801,600.00 
$330,540,664.00 
$354,240,000.00 
$184,204.80 
$150,197.76 
$1,239,840.00 
$3,955,680.00 
$5,667.84 
$2,833.92 
$40,000,000.00 
$5,000,000.00 
$404,778,424.32 
$330,540,664.00 
$404,778,424.32 
Create 2 Islands for Tunnel Anchoring 
create 2 islands 1000' * 400', and 40' high tide. 
Volume = 1000*400*100*2 
Fill material Required 
Rip Rap Required .perimeter *100'*10072 
SUBTOTAL 
Road Upgrade on NJ side, 10 miles 
Storm Sewers for site drainage 10mi *2 
Clear Site, 70'wide* 10 Mi 
Stone Road base 60' * 10 Mi, 6" deep 
Base Coat Asphalt 5" 
Finish Coat Asphalt 2" 
Jersey Barrier for 10 mi 
Solid Striping for road defining 10 mi *4 
Striping for Lane separtion 10 mi, *2 
SUBTOTAL 
Sheet Total 
80000000 
80000000 
28000000 
10 
105600 
8 
3168000 
3168000 
3168000 
52800 
211200 
105600 
CF 
CF 
CF 
mi 
LF 
acres 
SF 
SF 
SF 
LF 
LF 
LF 
$0.90 
$1.40 
$55.00 
$8,000.00 
$0.90 
$0.95 
$0.53 
$38.50 
$0.24 
$0.24 
$72,000,000.00 
$39,200,000.00 
$111,200,000.00 
$5,808,000.00 
$64,000.00 
$2,851,200.00 
$3,009,600.00 
$1,679,040.00 
$2,032,800.00 
$50,688.00 
$25,344.00 
$15,520,672.00 
$111,200,000.00 
$15,520,672.00 
$862,039,760.32 
Design Budget Detailed 
Miscellaneous Budget Detailed 
Description 
Land Acquisition 
Architect 
Includes, Geotechnical Study 
MEP consulting and design 
Structural Engineer 
General Contractor/Construction Managers 
Includes, Bonds, Barges, Fees, Overhead and 
Profit. 
Sheet Total 
Quantity 
500 
1 
1 
30.3 
Units 
acres 
LumpSum 
LumpSum 
% 
Unit Price 
$100,000 
$8,000,000 
$2,500,000 
$862,039,760 
Subtotals 
$50,000,000 
$8,000,000 
$2,500,000 
$261,198,047 
Total Cost 
$50,000,000 
$8,000,000 
$2,500,000 
$261,198,047 
$321,698,047 
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Feasibility Schedule 
Through our progress report, we have kept on track with the feasibility schedule. We 
have significantly completed the designs for the bridge, tunnel and islands. We have 
completed our progress budget and are presently working on our progress report. We 
have numerous items that we must perform in the coming 3 months to complete our 
feasibility study. 
In the next several months, we must complete our designs and structural calculations for 
the trestle bridge, tunnel, and islands. We will work out the structural and construction 
details for these three main items. We will work on the design and layout of several 
items that will be included in our project. Some of these items include the tollbooths, a 
visitors center, possible emergency areas on the bridge, life safety issues for the entire 
project, utility runs, and all other miscellaneous items which we encounter with our final 
design. 
Millennium 6 will also complete the actual design calculations and several drawings that 
will include cross sections through several of the structures. We are going to explore the 
issues that must be overcome environmentally in order to make our fixed link feasible. 
One of the most important items that Millennium 6 will complete will be the final 
estimate and cost benefit analysis for this project. Once the final designs are complete, 
we will refine the budget and come up with a final estimate for this project. Millennium 
6 will then analyze the projected use of the structure and determine what the payoff 
duration will be for this mega-project. Once all of these parts are complete, we will make 
a recommendation on whether or not to pursue this project any further. 
18 
Conclusion 
Millennium 6 feels that this project is indeed feasible if the state, government, or private 
organizations help financially to overcome the 1.2 Billion-Dollar price tag on this project. 
After 9 months of research and design for a fixed-link crossing over the Delaware Bay, 
we feel that we have substantiated the need for this crossing and the most cost effective 
design to cross the bay. There will be several obstacles for this project to overcome. The 
first issue would be to verify all of our research on the need for this project, the projected 
usage of this crossing, and the overall cost and payback time. The second would be the 
numerous environmental hurdles, which must be overcome. We must consider the 
effects on the existing habitat on the shorelines, to the wildlife surrounding our entire 
crossing, and the issues which will be created in the bay itself. The third and most 
critical will be finding the funding for this project. We must use the first two items to 
verify that this project can indeed be done. Even if the numbers for traffic projections do 
not justify this crossing initially, one must consider its future use, 5, 10, 20 years from 
now. With the growth throughout the east coast, we feel that the first two issues can be 
justified. Finding the funding will be the critical portion of this project. Millennium 6 
believes that this project is worthwhile, and if at this present time it is not undertaken, we 
believe that it will be completed within our lifetime. 
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